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Evidence  has  been  previously presented  that  an  endogenous  pyrogen  is 
demonstrable in the circulation of rabbits with fever caused by the intravenous 
injection of typhoid vaccine  (1,  2).  The  endogenous factor is readily differ- 
entiated from the pyrogenic component of the vaccine and reaches a maximum 
concentration  well  after the latter has been cleared from the blood stream. 
Its presence in the circulation is closely correlated with the fever. These ob- 
servations  have  recently  been  confirmed  in  analogous  studies  made  with 
dogs (3). 
The biological  properties  of the newly identified  pyrogen were originally 
found  to  be  identical  with those  of  the  heat-labile  pyrogenic  substance  which  is 
extractable  from polymorphonuclear  leucocytes  (1, 2). Further evidence as 
to  the  identity  of  the  two  factors  has  subsequently  been  reported  (4,  5).  Because 
the  endogenous factor  makes its  appearance in  the  blood stream shortly  after 
the  leucopenia  which follows  the  injection  of  vaccine,  the  hypothesis  has  been 
advanced that  the  febrile  response  is  caused  by  the  action  of  endogenous pyro- 
gen released  from injured  leucocytes  (2). 
Although  an  endogenous  pyrogen  can  be  readily  extracted  from  polymorpho- 
nuclear  leucocytes  (6--8),  and a similar  pyrogen can be demonstrated  in the 
fluid  portion  of  acute  inflammatory exudates  (8),  doubt  has  arisen  as  to  whether 
the  pyrogen in  the  exudates  is  actually  derived  from  the  leucocytes.  The  doubt 
has been engendered primarily  by two observations.  First,  a pyrogenic sub- 
stance,  with properties  similar  to  those  of  leucocytic  pyrogen,  has  been  demon= 
strated  in the fluid  portion  of acute  infl~trnmatory  exudates in agranulocytic 
rabbits,  despite  the virtual  absence of polymorphonuclear  leucocytes  in the 
exudate (8).  Secondly,  rabbits  and  dogs  made leucopenic  with  nitrogen  mustard 
have been shown to exhibit  the usual  febrile  response  to bacterial  pyrogens 
(9, lO). 
Because of this apparently conflicting  evidence the present study was under- 
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taken  to  determine  the  origin  of  endogenous  pyrogen  in  acute  granulocytic 
exudates. 
Methods 
Gsncral.--Male  albino rabbits weighing 5 to 8 pounds were used in all experiments. They 
were  housed  in  the  same  constant-temperature  room  (68--70°F.)  where  the  temperature 
studies were performed. All glassware and needles were sterilized by dry heat at 170°C. for 2 
hours  in order to  inactivate contaminating pyrogens  (11).  Physiologic salt  solution  (0.85 
per cent NaCI) was made with doubly distilled water and after being autoclaved was tested 
at  intervals for pyrogenicity.  Contact  of this solution with rubber  or plastic tubing  was 
avoided. 
Production of Acute Inflammatory  Exuda/c~.--Acute peritonitis was established in rabbits 
by a method similar to that of Ponder and Madeod (12)  and Bennett and Beeson (7). Each 
rabbit,  after  being anesthetized  with intravenous pentobarbital,  was placed  on  its  back, 
and its abdomen was shaved with electric dippers. Through  a  small cutaneous indsion an 
i8 gauge needle was inserted into the peritoneal cavity, and 300  mL of physiologic saline, 
containing 0.28 gm. of streptomycin and 20,000 units of crystalline penicillin G, were injected 
in less than 5 minutes with a 50 ml. syringe. The skin incision having been dosed with a single 
suture, the rabbit was returned to its cage where food and water were subsequently withheld, 
Harvesting of Exudates.--Each  rabbit  was sacrificed with pentobarbital  injected  intra- 
venously, and its peritoneal cavity was opened with a  midline incision. The fluid exudate 
was removed by gentle suction through a  10 mL pipette. No massage or agitation was em- 
ployed to increase the harvest. All exudates were collected in 40 ml. centrifuge tubes packed 
in ice. Leucocyte counts were made on samples taken directly from the peritoneal cavity. 
Cells and supernatant fluid were separated by centrifugation at 625 g for 20 minutes at 4°C. 
and were stored at the same temperature. All samples used had been previously shown to be 
bacteriologically sterile. 
Extraction of Pyrogen from Le~ocytes.--The separated leucocytes were extracted by grind- 
ing in a pyrogen-free mortar containing pavement marking beads. 1 The resulting viscous cell 
extract was suspended in a small quantity of physiologic salt solution, and the glass beads were 
removed by centrifugation at 40 g for 5 minutes. All cell extracts were tested for pyrogenicity 
on the day of extraction. 
Concottraffon of Fluid Portion of Ex,  udates.--Throughout these studies the amount of pyrogot 
extracted from each sample of leucocytes was compared with the pyrogen content of that ~olume 
of the cell-free  fluid in which they were originally contained in the peritoneal exudate. Since, how- 
ever, the volume of fluid containing the number of leucocytes needed to cause a satisfactory 
febrile response in a recipient rabbit was often too large for a single intravenous injection, the 
fluid was concentrated to approximately one-tenth of its original volume by means of dialysis 
against a  12 per cent solution of dextran  s (8).  Inasmuch as leucocytic pyrogen is known to 
remain within the cellophane bag  ~ during dialysis (8),  the total amount of pyrogen was as- 
sumed to remain constant during the process of concentration. 
Tests for Viability of Leucocytes.~Tests for leucocytic motility were performed by placing 
1 Pavement marking beads,  Minnesota Mining & Manufacturing  Company, Saint Paul, 
(Type 110). 
=  Injection plavolex dextran  (6  per cent)  Wyeth Laboratories,  Inc.,  Philadelphia,  con- 
centrated to 12 per cent by boiling. 
a CeLlophane dialyzing tubing, diameter 28 ram., wall thickness 0.18 ram., Will Corpora- 
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a drop of packed celh from 10 ml. of exudate beneath a coverslip rimmed with vaseline, The 
preparation was incubated at 37°C. for 15 minutes. The percentage of leucocytes exhibiting 
motility was determined for each sample.  Tests for viability were made with trypan  blue 
freshly prepared as a  1 per cent solution in 0.85 per cent saline. A drop of packed cells from' 
each sample to be tested was added to an equal part of trypan blue and was observed imme. 
diately. The percentage of unstained (and, therefore, presumablyviable) ceils was recorded (13). 
Assay of Pyrogen.--Each sample was tested for pyrogenic acti~ty by intravenous injection 
into 3 recipient rabbits. Each rabbit was placed in a closed box with an opening for the head, 
and was given neither food nor water during the test period. Rectal temperatures were re- 
corded by means of the Foxboro rabbit scanning switch and fever recorder.  4 The recipient 
rabbits were placed in the boxes for a period of 5 to 6 hours on at least 3 successive days prior 
to each experiment in order to insure a  reproduceable response (1). Prior to injection of the 
test substance, 4 temperature readings were made at 30 minute intervals to establish a hase- 
line. Rabbits exhibiting variations of more than 0.3°C., or initial temperatures of more than 
39.7°C.  on the day of the experiment were not injected. Following the injection, readings 
were taken every 5 minutes for the first hour and every 15 minutes thereafter. The febrile 
response of each recipient was measured as a fever index and the mean fever index was calcu- 
lated for each sample. 
Calculation of Fever Imtex.--Ail fever curves were charted on ~o inch graph paper with 10 
lines on the vertical representing each degree centigrade and 12 lines on the horizontal repre- 
senting each hour. With the temperature at the time of inoculation serving as a baseline, the 
area beneath the 3 hour curveSwas calculated by means of a compensating planimeter.' The 
"fever index"  (measured in square centimeters and  representing an expression of both the 
height and the duration of the fever) was thus obtained for each animal, and the mean value 
for each sample was calculated by averaging individual fever indices of the three recipients. 
RESULTS 
1.  Characterization of Acute Peritoneal Exudat~.-- 
Saline peritonitis was established in 20 rabbits. The exmdate was harvested from groups 
of 5 donors at 5, 10, 15, and 20 hours, and the fluid volume and leucocyte count were deter- 
mined on each sample. They are recorded in Table I. 
It will be noted that wide fluctuations occurred in both the fluid volumes and the leucocyte 
counts observed at each interval. If, however, the individual values for the 5 exudates har- 
vested at each interval are averaged, distinct trends become apparent as shown in Fig. 1. 
The curves obtained indicate:  (a) a noticeable absorption of fluid from the 
peritoneal  cavity with  time,  (b)  a  steady rise in  leucocyte count per cubic 
millimeter of exudate, and (c) a  slight decrease in the total leucocyte count 
after 15 hours, apparently due to destruction and/or removal of white cells. 
These changes,  which occur during  the evolution of the peritoneal exudate, 
were taken into account in the design of each of the following  experiments: 
Pooled exudates from 5 donors have been employed as routine to minimize the 
variations  encountered  in  individual  rabbits. 
4 Manufactured  by Foxboro Co., Foxboro, Massachusetts. 
J This interval was chosen as an arbitrary cut-off point since fevers caused by injection of 
leucocytic pyrogen have usually subsided after 3 hours. 
6 Keuffel and Esser compensating polar phnimeter No. 4236M. 282  PATHOGENESIS  O:F I~EVER. IH 
2.  Comparison of Pyrogen Concentration in Cells and Fluid of Exudate,-- 
Saline peritonitis was produced in 15 rabbits divided into 3 groups of 5 each. In the first 
group the peritoneal exudate was harvested 10 hours after inoculation;  T the second and third 
TABLE I 
Changing Volume and Cell Con~'nt of Periloneal Exudate 
Time following 
injection of saline 
]~'$. 
5 
10 
15 
Rabbit No. 
Average.. 
6 
7 
8 
9 
I-0 
. Average  ........ 
1-1 
1-2 
1-3 
1-4 
1-5 
Volume of exudate 
f,~. 
160 
170 
180 
140 
140 
158 
105 
30 
80 
80 
140 
87 
60 
40 
70 
90 
I00 
Leucocytes* per c.mm. 
420 
240 
80 
540 
800 
416 
2,350 
6,000 
1,900 
1,950 
1,400 
2,710 
4,250 
4,700 
2,800 
5,300 
1,050 
Average.  72  3,620 
20  1-6 
1-7 
1-8 
1-9 
2-0 
10 
40 
60 
70 
65 
Av~age.  49 
5,100 
4,800 
4,100 
3,050 
3,650 
4,140 
Total No. of leuco- 
cytes* (X 10  °) 
67.2 
40.8 
14.4 
75.6 
112.0 
62.0 
I  246.8 
180.0 
152.0 
156.0 
196.0 
185.1 
255.0 
188.0 
196.0 
477.0 
105.0 
244.2 
51.0 
192.0 
246.0 
213.5 
237.3 
188.0 
* Term "leucocytes" used to include all white cells in exudate, 88 to 99 per cent of which 
were found, by differential count, to be polymorphonuclcar leucocytes. 
groups were sacrificed for harvest at 15 and 20 hours respectively. The 5 exudates from each 
interval were pooled. The total leucocyte count for each pool was calculated by the same 
method as shown in Table I. The pooled exudate from each interval was separated by centrifu- 
T  The 5 hour interval was not included because the use of sui~dent quantifies of exudate 
to, produce fever in recipient rabbits was not practical in view of the large fluid volume and 
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gstion into packed leucocytes and supernstant fluid. The extract prepared from each pool of 
packed cells was resnspended  in a  small quantity of physiologic saline and was so divided 
that each of 3 recipient rabbits received the pyrogen derived from 325 million cells. For com- 
parison, the same 3 recipient rabbits were subsequently given that amount of the correspond- 
ing supernatant fluid  s that had previously contained 325 million cells in the original pooled 
---o  J,, 
3x#. 
i ........  i 
DURATION OF  SALINE PERITONITIS(hours) 
Fzo. 1. Evolution of saline peritonitis. Curves depict changes in: (a) volume of ¢xudate, 
(b) leucocyte count per cubic millimeter, and  (¢)  total leucocyte count. Points on cu~es 
represent average values from groups of 5 rabbits sacrificed at 5, 10, 15, and 20 hours after 
intraperitoneal injections of saline (see Table I). 
exudate. The me~m fever indices which were thus obtained for each group of 3 recipients are 
indicated by the bars shown in Fig. 2. 
It will be seen from the graph that the concentration of pyrogen in the super- 
natant fluid of the exudate st  10 hours is considerably less than that in the 
cells. As the exudate matures, however, the ratio becomes reversed, and at 20 
s Prior to injection each sample of supernatant fluid was concentrated by dialysis to one- 
tenth of its original volume as described under Methods. 2M  PATHOGENESIS  O1  ¢ ]FEVEr.  HI 
hours  the amount  of pyrogen present  in the supernatant  is greater  than  that 
in  the  leucocytes.  The  shift  of  pyrogen  from  ceils  to  supematant  strongly 
suggests that the pyrogen which eventually accumulates in the fluid portion of 
the exudate is derived directly from the polymorphonudear  leucocytes. 
Parallel cytological studies of the leucocytes at 10,  15, and 20 hours revealed 
that at each interval more than 90 per cent of the cells were actively motile and 
failed to stain with trypan blue. This observation suggests that the majority of 
leucocytes present  in  the  exudate  had  released  their pyrogen while  still func- 
tionally  intact. 
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a-  I0' 
~6-  ::%~ 
•  ~.~  ~ 
I0  15  20 
DURATION  OF SALINE PERITONITIS  (hours) 
FIG. 2. Relative concentrations  of pyrogen in ]eucocytes and fluid portions of peritoneal 
exudates harvested at 10i  15,  and  20 hours after intraperitoneal injections  of saline.  Note 
progressive shift of pyrogen from cells to fluid.  Each mean fever index  is based on febrile 
responses of 3 recipients. 
In  order  to  diminate  variables  inherent  in  such  in ~ivo experiments,  par- 
ticularly  those relating  to  the  entrance  of new cells into  the  exudate  and  the 
absorption of both fluid and pyrogen from the peritoneal cavity, the following 
studies  were performed in dtro. 
3.  Release of Leucocytic Pyrogen in Vitro.~ 
A.  Transfer of Pyrogen from Cells to Supernatant during Incubation in Vitro.---, 
A saline peritonitis of 15 hours' duration was established in 8 rabbits, As the fluid exudate 
from each donor was collected, its leucocytic  content and total volume were recorded.  The 
totat egudate was then divided into 3 equal pools. The cells and fluid of the first pool were 
immediately separated by centrifugation,  whereas  those of the second and third pools were 
centrifuged  after 12 and 24 hours of incubation (37°C.)respectively. Three aliquots  of 223 
million  leucocytes  from each pool were then extracted, and  the resulting  extracts were in- 
jected into each of 3 recipients. The amount of supematant fluid which formerly contained 223 M.  KENTON  KING  AND  W.  BARRY  WOOD~ JR.  285 
mi111on  cells in the original exudate  s was later injected for comparison into each of the same 3 
reclplents.'The  mean fever indices obtained on the unincubated samples and on those incu- 
bated 12 and 24 hours are shown in Fig. 3. 
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FIG. 3. Release of pyrogen from  leucocytes of peritoneal  exudate during  incubation  in 
~ro.  Progressive increase of pyrogen in fluid portion  of ezudate is accompanied by simul- 
taneous decrease of pyrogen in cells. Each mean fever index is based on febrile responses of 3 
recipients. 
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Fro. 4.  Release  of leucocytic  pyrogen resulting from in vitro incubation of cells in salt 
solution initially free of pyrogen. Mean fever indices obtained as indicated in Figs. 2 and 3. 
It will be seen that incubation of the exudate in ~tro also results in a gradual 
transfer  of  pyrogen  from  cells  to  supematant.  Again,  the  leucocytes  would 
appear to be the direct source of the pyrogen which accumulates in the fluid 
portion of the exudate. 286  PATHOGENESIS  OF  FEVER.  HI 
B. Incubation  of Leucocytes in Pyrogen-Free Saline.-- 
The fluid exudates from each of 5 donor rabbits with 15 hour saline peritonitis were pooled 
after the leucocytic content and volume of each exudate had been determined. When the cells 
and fluid of the pool had been separated by centrifugation, the supernatant was discarded. 
Pyrogen-free physiologic  saline was then added to the cells in a volume which allowed contact 
of 20 ml. of reline with each 325 million cells. The resulting mixture was incubated at 37°(3. 
for 24 hours, and the cells and saline were separated by eentrifugation (625 g for 20 minutes). 
When the leucocytes had been extracted, the pyrogenicity of the 20 ml. of saline, which had 
been incubated with the cells, was compared with that of the extract from 325 million cells. 
The comparison was made by injecting 3 such samples of each of the two preparations into a 
total of 6 recipients. The mean fever index obtained with each of the two groups of 3 recipients 
is shown in Fig. 4. The leucocytic fever index labelled "before incubation" was taken from 
Fig. 2.  9 
Once again the transfer of pyrogen from cells to saline is apparent. 
Cytological studies performed at the end of the 24 hour period of incubation 
revealed that 70 per cent of the leucocytes were still motile and were unstained 
by  trypan  blue. 
These  results  further  substantiate  the  conclusion  that  leucocytes,  when 
incubated in vitro, readily give up their pyrogen to the surrounding medium. 
DISCUSSION 
It is evident from the results of the present studies that in acute inflammatory 
exudates,  characterized  by  a  predominance  of  granulocytic  blood  cells,  the 
polymorphonuclear leucocytes constitute  the  principal  source of endogenous 
pyrogen. The pyrogenic component is released into the surrounding medium by 
cells which  otherwise  appear to be functionally intact.  Although  conclusive 
evidence as to  the functional  status of the leucocytes at  the  time that  they 
release pyrogen has not yet been obtained, the fact that more than 90 per cent 
of them are motile and unstained  by trypan blue  (13),  well after they have 
released significant amounts of pyrogen, strongly suggests that neither cellular 
death nor disruption  is necessary for the  release to occur.  Further  evidence 
relating  to  this  conclusion  might have been gained  had  it  been possible  to 
count  the number of cells present in  the exudate both before and  after the 
release of pyrogen in ~itro. Such  observations, however,  could  not  be made 
because  of the  tendency of the  leucocytes to stick together after incubation 
at 37°C. 
The  tentative  conclusion  that  polymorphonuclear leucocytes  may release 
endogenous pyrogen soon after entering an inflammatory exudate is in keeping 
with both clinical and experimental observations relating to the rapidity with 
which defervescence occurs in acute bacterial infections following antimicroblal 
therapy. 
9 The same number of cells was used in both of the experiments summarized in the two 
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Experiments of Bennett (14) are of particular interest in this regard. During studies 
on the effect of penicillin therapy in experimental pneumococeal peritonitis,  he has 
not only demonstrated the expected precipitous decline in fever following adequate 
therapy, but also has shown that the peritoneal exudate itself rapidly loses its pyro- 
genicity. This observation is in keeping with the tentative hypothesis that the prin- 
cipal source of endogenous pyrogen in an acute granulocytic exudate is that fraction 
of the lencocytic population which has recently entered  the site of infection. Once 
the infection  has been  brought under control,  fresh leucocytes cease to enter the 
lesion (15), and as a result, it may be reasoned, the source of endogenous pyrogen be- 
comes rapidly depleted. Such a theory provides a possible explanation for the pres- 
ence of large numbers of morphologically intact leucocytes in pathologic lesions ob- 
served in patients who do not have fever at the time of death. A second explanation 
for the absence of fever in the presence of granulocytic exudates relates to the un- 
responsiveness of the thermoregulatory centers  which results from circulatory dis- 
turbances (15), including those accompanying terminal bacteriemia  and shock (17). 
If the polymorphonuclear leucocyte is assumed to play such an important 
role in the pathogenesis of fever, how, it may be asked, are the proven pyro- 
genicity of granulocytopenic exudates (8)  and the fevers of granulocytopeuic 
animals (9, 10) and patients to be explained? What accounts for the pyrogenic 
activity of intravenously injected viruses,  which  cause  lymphopenia rather 
than granulocytopenia (18)? Why should fever occur in diseases such as gran- 
ulomatous  and  viral  infections,  which  characteristically  cause  pathologic 
lesions  scarce  in  polymorphonuclear  leucocytes?  Two  reasonable  explana- 
tions may be tentatively proposed. First, it is still possible that one or more 
cell  types other  than  the  polymorphonuclear leucocyte may eventually be 
found to produce endogenous pyrogen, although all efforts to identify such 
an additional source have thus far been unsuccessful (6, 7, 19). Secondly, enough 
polymorphonuclear leucocytes may be involved in each of the above situations 
to account for the fever, in spite of the fact that granulocytes appear to be 
virtually absent from the lesions concerned. 
The results of the present study do not provide evidence bearing on these 
important questions.  They do,  however,  conclusively demonstrate that  the 
principal source of endogenous pyrogen in acute granuiocytic exudates is the 
polymorphonudear leucocyte. 
SUMMARY 
The evolution of an acute inflannmatory exudate produced in rabbits by the 
intraperitoneal injection of saline has been described. Evidence has been pre- 
sented that polymorphonuclear leucocytes release endogenous pyrogen into the 
cell-free fluid of the exudate. Leucocytes from such exudates have also been 
shown  to  release  pyrogen into  the  surrounding  medium during  incubation 
in dtro at 37°C. The results of parallel cytological studies have provided evi- 
dence which suggests that the leucocytes give up their pyrogen while func- 
tionally intact. 288  PATHOGENESIS  OF ~EVER.  III 
These observations add further support to the hypothesis that polymorpho- 
nuclear leucocytes play a significant role in the pathogenesis of fever. 
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